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SUBJECT: Aircraft Detection, Range Estimation, and Auditory Tracking
Tests in a Desert Environment

1. This report concerns tests made to determine man's capabilities
in aircraft detection, range estimation and auditory tracking of low-
flying jet aircraft under optimum field conditions.

2. Observers were located at various distances from the flight path
and their ability to detect aircraft visually and auditorilv And to estimate
the distance to the aircraft was tested. The amount of earl-r warning given
the observers was varied; observers used binoculars or unaided vision in
detecting aircraft and recognizing structural features.

3. Results indicated that if visibility is good, the terrain unob-
struLted, and observers have reasonably accurate early warning, they can
visually detect aircraft more than 10,000 meters away, on the average. -
Using binoculars did not appreciabl7 aid detection and in some cases de-
layed it. In the auditory tracking tests, observers consistently placed
the aircraft ahead of its actual position.

4. The findings of this report should be of interest to those respon-
sible for personnel requirements and training for visually sighted air
defense weapons.
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FOREWORD

In December 1964 the U.S. Army Combat Developments Command, Air
Defense Agency, recommended that the Human Resources Research Office
initiate research in "the areas of visual surveillance, detection, identification,
and range estimation in support of military studies of the effectiveness, doctrine,
manpower re-quirements and training for visually sighted air defense weapons.
In support of this research requirement and related ones expressed by the
U.S. Continental Army Command, HumRRO Division No. 5 (Air Defense)

Mi initiated an intensive program of studies on these problems in late FY 1965.
This report describes tests of several of the visual and auditory skills

required for operation of forward area air defense weapons. The tests were
initiated as part of HumRRO Exploratory Study 44, Training Methods for For-
ward Area Air Defense Weapons. This report supersedes an interim report
made in October 1965 to Army agencies directly concerned with doctrine,
"training, and materiel requirements associated with forward area weapons.
The present report and Technical Report 66-19, The Performance of Ground
Observers in Detecting, Recognizing, and Estimating Range to Low-Altitude
Aircraft, December 1966, complete the reporting of work under ES-44. These
studies were continued during FY 1966 as HumRRO Work Unit SKYFIRE.

The tests described in this report were accomplished in June and July 1965
in the vicinity of Tonopah, Nevada, using aircraft flights assigned in support of
the Joint Chiefs of Staff, Joint Task Force Two, Low &,ltitude Penetration Test 1.0.
The assistance and cooperation provided by the staff of Joint Task Force Two
is greatly appreciated.

The tests were conducted by HumRRO Division No. 5 (Air Defense).
Military support was provided by the U.S. Army Air Defense Human Research
Unit, under the command of LTC Leo M. Blanchett, Jr., Unit Chief. The HumRRO
Test Control group consisted of Mr. Edward W. Frederickson, Dr. Joseph F.
Follettie, Dr. Paul G. Whitmore, and Dr. Robert D. Baldwin. The observers
were LTC Walter E. Burrell (Ret.), Mr. Robert J. Foskett, Dr. Frank B. Nelson,
SFC Edward P. Bedy, SP 4 James L. Claflin, SP 4 Judson D. Human,
SP 4 Stanley A. Sliko, and SP 4 Glenn W. Wortham.

HumRRO research is conducted under Army Contract DA 44-188-ARO-2,
and under Army Project No. 2J024701A712 01, Training, Motivation, Leader-
ship Research.

Meredith P. Crawford
Director

Human Resources Research Office
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Military Problem i

Use of visually sighted air defense weapons requires various perceptual skills of the I:•
human operator. Requirements include (a) the visual detection and identification of aircraft,
(b) the estimation of range, altitude, and speed, (c) visual and L•anual tracking of target aircraft,
(d) the determination of when the target is within the performance envelope of the weapon system,
and (e) the application of an effective technique of fire. The Army needs information concerning * /
human capabilities to perform these functions in order to determine job procedures and the type I

of tr,•tnlng needed for operation of air defense weapons.

Research Objectives •i

There were four objectives in the fieJd studies reported here:
(1) To obtain data concerning the effect on the visual detection range for jet aircraft

of (a) varying the location of observers relative to the fl;ght path, (b) using binoculars of 6x30
and 7x50 power, and (c) varying the amount of temporal early warning given the observers.

(2) To obtain preliminary information concerning man's ability to ,,stimate the
distance to aerial targets.

(3) To condu•t c• exploratory test of auditory dete•ion and tracking skills.
(4) To determine the ranges at which qn aircraft'• structural components me recognized.

These studies were a continuation of Human Resources Research Office studies at Fort
Bliss, Texas, reported in Hu.•RI:(O Technical F(epcrt 66-19, The Perlormance ot Ground Observers
in Detecting, Recognizing, and Estimating Range to Low-A;titude Aircratt (1).

Rese,•rch Method

The tests were conducted in a desert environment near Tonopeh, Nevado. The jet aircraft,
used as targets, were being flown in support of anther test being conducted by Joint Task
Force Two of the Joint Chiefs of Staff. The aircraft flew at very low altitudes and at tactical
speeds over a fixed flight path clearly marked on the ground. The aircraft flew north to •outh ; '!
and vice versa. Observers were stationed at four observation posts (OPs) located 200, 1,400, / •'
2,600, and 3,300 meters west of the flight, path. The observers' view to the •outh was unob- ! ,•

structed for approximately 15,000 meters, but to the north there was an intervening land mass i
that provided varying degrees of masking, depending upon the OP's offset and the aircraft's altitude. I

Eight observers detected jet aircraft under various test conditions requiring the use af
either unaided or aided vision or auditor), cues, and when either one cr five m•.nutes of early •-

warning was given. For part of the flights the observers, following initial detection, named the
structural details of the aircraft as each came into view. In other tests the observers had to
estimate the distance to the target.

Results
Detection Tests i i

In the detection tests, comparisons were made between the following conditions: i..i
(I) Visual and auditory detection. •
(2) Unaided and binocular-aided vision.•,'

/
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(3) 6430 and 7x50 binoculars.
(4) One and live minutes of early warning.

S~(5) Amount of offset distance from the flight path.
•! (6) Varying distances to the terrain mask.

Visual vs. Auditory Detection. When averaged over all OPs, target aircraft flying from

near terrain masking were detected visually about 500 meters before they were heard. TheSdifference between the visual and auditory detection ranges decreased as the amount at terrain

masking increased.
Unaided vs. Aided Detections. The difference between the unaided and binocular-aided

detection ranges was not the same for the near and the far terrain masking conditions. Under
conditions of far terrain masking, the mean unaided and 6x30 aided visual detection ranges were
not reliably different; the mean detection range averiyed over both systems was 12,000 meters.
However, under conditions of near terrain masking (4,000 to 6,000 meters), detection occurred
earlier when 6x30 glasses were not used.

6x30 vs. 7x50 Binoculars. There was no reliable difference between the nean detection
ranges for the 6x30 and 7x50 binoculars.

Amount of Early Wa:ning. The comparison between one and five minutes of temporal
early warning did not produce a reliable difference in detection ranges under either far or necr
terrain maqk'ng conditions.

Observer Offset. There were reliable (i.e., statistically significant) differences among the
detection ranges for the four observation posts. As the amount of offset (and OP elevation)
Increased, the mean detection range increasea from about 9,800 to 14,500 meters.

Range Estimation

The range estimation tests required the observers to estimate distances varying between
1,000 and 5,000 meters. The average algebraic errors of estimation decreased as the offsf.t
distance increased. At the 200-meter OP the observers underestimated the ranges by approxi-
mately 475 meters, whereas at the 3,300-meter OP the average error was an overestimation of
about 50 meters. The variabil-ty among observers also decreased as the offset distance increased.

Structure Recognition

The distance at which various aircraft structural components were detected varied with
the class of aircraft observed. However, within each class (i.e., bombers or fighters) there
tended to be a consistent rank order in which the components were seen. The average response
delay between the initial detection response and the first structure recognition response (2.7
seconds for fighters when binoculars were used) was longer for unaided vision than for binocular-
aided vision.

Auditory Tracking

The exploratory auditory tracking tests revealed that untrained observers consistently
tracked the target ahead of its position. The average human tracking error became more con-
sistent as the aircraft progressed from i ibound to outbound. The constancy of the average
human error indicates the dependence of the total tracking error on acoustic lag.
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Conclusions
(1) The visual detection tests support the results obtained in earlier HumRRO tests at

Fort Bliss. If observers (a) are not subject to near terrain masking, (b) have good visibility, and
(c) have reasonably accurate early warning information, they can detect jet aircraft on the average
at distances in excess of 10,000 meters.

(2) The results of earlier HumRRO tests concerning the use of field glasses were also
supported. Under the environmental conditions described above, unaided detections wore as
effective as detections involving the use of field glasses.

(3) In contrast, the terrain masking test results suggest that field glasses should not be
used for detection when relatively near terrain masking occurs. Additional tests would be
necessary to determine whether recognition is aided under these conditions if glasses are r.ot
used for detection but are used for recognition.

(4) The auditory detection and tracking studies raise a possibility that the capabilities of
some fair weather forward area weapons can be extended to poor visibility conditions. Additioncl
studies of auditory tracking would be necessary to determine whether observers can be trained
to compensate for tracking errors due to sound propagction time delays.

(5) The range estimation tests produced inconclusive results because of certain character-
istics of the test environment used. The results indicated that observers who were offset fiom
the flight path made more accurate estimates than observers who viewed the aircraft from a head-
on aspect. However, these results were obtained under conditions where the crossover distance
of the flight path was known to the observers, a condition not likely to occur in combat.

(6) In the recognition tests, when far terrain masking existed the use of field glasses
increased the range at which various structures were recognized. However, ..,hen near terrain
masking existed the response delay between initial detection and the first recognition response
was not reduced by use of field glasses. The test results also indicated a consistency in the
order in which the structural components of aircraft were seen. It would appear th& this con-
sistency colid be used as an aid for range estimation.
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Chapter I 1
THE RESEARCH APPROACH I

MILITARY PROBLEM

The increased emphasis on low-altitude air assault tactics by both U.S.
and foreign armies creates a reciprocal need to provide increased air defense
capabilities for deployed U.S. ground forces.

The weapons that could be available in the near future for low-altitude Pir
defense are (a) small arms organic to the infantry company, (b) the larger
caliber automatic weapons, (c) the man-transportable Redeye missile system,
and (d) the Chaparral air defense weapon.

In contrast to the radar-controlled air defense systems that generally are
deployed to the rear of the field army area, the weapons being considered by
the Army for forward area air defense operations are man-ascendant rather
than machine-ascendant systems. The man-ascendant weapons depend upon
basic human skills to (a) detect and recognize the aircraft, (b) estimate the
distance, altitude, and speed, (c) track the target, (d) determine when the
target is within the air defense weapon's capability envelope, and (e) engage
the target. At the present time, these man-ascendant weapons are considered to
be fair weather systems only. That is, they have little or no capability under
conditions of poor visibility unless aided by supplemental detecting and
tracking systems.

RESEARCH PROBLEM

The tests reported here had the following objectives:
(1) To obtain data concerning the effects on visual detection of (a) the

amount of lateral cffset of the observers from the flight path of the aircraft,
(b) the type of visual aids employed and their optical power, and (c) the amount
of early warning given the observers.

(2) To obtf.in information concerning man's ability to estimate the
range of low-flying aircraft.

(3) To conduct exploratory tests of man's skill in using auditory cues
for detection and tracking. These auditory skills, when used in conjunction with
infrared passive viewing devices, might extend system capabilities to limited
visibility conditions.

(4) To determine the distances at which the structural components of
aircraft are detected. This information is not only relevant to the broader '3

study of aircraft recognition training, but also is related to studies of methods
of teaching range estimation.

These tests were a continuation of earlier HumRRO studies on detecting,
recognizing, and estimating range to low-flying aircraft, conducted at Fort
Bliss, Texas (1).

3 p
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METHOD

Test Limitations

The human factors tests reported here used a test environment created for
an entirely different purpose by Joint Task Force Two (JTF-2) of the Joint
Chiefs of Staff, Department of Defense. The human factors tests of ground
observers were attached in a subordinate position to the JTF-2 test on a not-
to-interfere basis. As a result, these tests were limited in several respects. I

First of all, although several jet aircraft were flown in support of the
JTF-2 tests, usually only one type of aircraft flew on any one day. This char-
acteristic eliminated the possibility of conducting the usual type of aircraft
recognition tests. During the period of time encompassed by the ground
observer tests (1 June through 6 July, 1965), the following aircraft were flown:
the F-4C, F-105, and A-6 fighters and the B-52 and B-58 bombers.

The second limitation concerned the courses flown by the test aircraft.
The aircraft flew over a constant flight path clearly marked on the ground by
flame orange, 50-gallon barrels. The aircraft flew either north to south or
vice versa according to a prearranged schedule. The flame orange barrels
were visible to the ground observers As a result, the observers acquired
knowledge of the expected sector of appearance of the aircraft.

A third limitation concerned the time of day when the flights occurred. On
most days, the trials were scheduled from sunrise to late morning. Since only
a single set of four observation posts were used, the positions of the sun, relative
to the aircraft and the observers, were not representative of the complete array
of all possible target-observer-sun angles.

A fourth limitation concerned the availability of range measuring instrumen-
tation. As will be described later, a dead-reckoning procedure was used to deter-
mine aircraft distance at any given instant. This procedure involved a modification
of a "police trap" method, in which the time required to traverse a known distance
was used to compute the aircraft's position at earlier time intervals. This proce-
dure assumed that the aircraft's speed over flat terrain would be fairly constant.

A fifth limitation concerned the nonavailability from JTF-2 of unclassified
information concerning the approximate altitude range of the aircraft while in
the vicinity of the HumRRO test area. Informal opinion among the observers
was that the altitude range for the several aircraft varied between 30 and 200 feet
during the many trials flown.

Test Site and Visibility

The flight path was over a wide, flat desert valley between two lines of bar-
ren mountains that rose about 500 feet to the west and 1,500 feet to the east. The
test site was located adjacent to the flight path on relatively flat terrain. The
observers were located at four observation posts (OPs) at distances of 200, 1,400,
2,600, and 3,300 meters perpendicular to and west of the flight path. Figure 1
shows aplan view of the flight pathandthe location of the OPs with their approx-
imate elevations. Details of the site instrumentation are contained in Appendix A.

View to the East. (See Figure 2) Looking east along the line of OPs, the
terrain elevation decreased moderately for approxiriately one mile and some-
what more gradually thereafter. Since flights were from sunrise to late morn-
ing, observers were located to the west of the flight path to minimize glint
from the approaching aircraft, presenting observers with a difficult detection,
and structure-recognition problem. Following the time at which the aii craft
unmasked above the horizon, all aircraft had a mountain background.

5 ,Yi



Terrain View Looking East From Test Control

"A Figure 2

View to the South. (See Figure 3) The view of the flights coming from the
south was uninterrupted to the distant horizon, approximately 15 miles away.
As one moved from the near OP (200 meters from the flight path) to the most
distant OP (3,300 meters), the near terrain east of the flight path increasingly
became the background for the flight path of the aircraft.

View to the North. (See Figure 4) The view of the flights coming from the
north was almost as good as that for those from the south, when the observer
was sited at 200 and 1,400 meters. At the time of unmask, the aircraft had a
sky background when viewed from the 200-meter OP. For the other OPs, the
aircraft had a terrain (distant mountain) background at the time of unmask.
In addition, a ridge intervened between the aircraft on a north to south flightand
the 2,600-meter and 3,300-meter OPs. As a result, the observers at these
positions were not able to see the aircraft until it was much nearer to cross-
over (the intersection of the flight path and the observers, line of positions) than
was the case at the near OPs. The obscuration was particularly severe when
the aircraft was very low.

Climatic Conditions. In general, climate and atmospheric conditions were
very good during the test days. Conditions varied somewhat, but visibility was
never less than 40-50 miles. On four of the 20 test days there were varying

* amounts of cloud cover. Temperature varied from some early morning lows of
35' to late morning highs of 800 -85'. The average temperatures were about
500 for early morning and 750 for late morning. Winds varied from calm to
breezes of about 12 to 15 miles per hour. The humidity varied between 10%
and 30% most of the time.2 Sample brightness measurements for early and late morning of an
average day appear in Table 1.

-. 6
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The aircraft presented a negative contrast ratio (the aircraft was
darker than the background) when seen against the sky and a positive contrast
ratio when viewed against the terrain background.

Table I

Background Brightness Measurements for Average Day

(Footlambrrts)

Direction Time
l0710 O 1030

Sky
North Horizon 1,900 3,000
South Horizon 1,400 3.400

Terrain
Crossover Point (intersection of
flight path and line of observer positions) 850 950

Measuring Aircraft Range

The dependent variable for all tests was the aircraft-to-observer distance
*i at the time of detection, either visually or aurally, and/or the recognition of

structural components.
*! Aircraft distance was measured by a dead-reckoning procedure involving

manual timing of the aircraft as it traversed a known distance. Each aircraft
was manually timed by HumRRO Test Control as it traversed a 4,000-meter
known distance defined by boundary markers adjacent to the flight path. This
time-of-flight measurement was converted to speed in meters per second.

At the time each observer detected the aircraft, he depressed a button that
deflected a pen on a multi-channel, constant-speed event recorder located at
HumRRO Test Control. When the aircraft subsequently passed the crossover
point opposite the observers' line of positions, HumRRO Test Control activated
a crossover pen.

The amount of recording paper intervening between the observer's detection
mark and the crossover mark was converted to time.

Knowing the aircraft's speed in meters pet second and the observer's
location, his time of detection was converted to aircraft slant ranige at detection.

This method assumes that the aircraft's speed was constant over the flight
path and that the manual timing of the aircraft was not subject to bias. To
compensate for these assumptions, all distance measurements were rounded
to the nearest 100 meters.

Observers

The same eight observers were used in all the tests. They consisted of
five military personnel assigned to the U.S. Army Air Defense Human Research
Unit and three civilian members of HumRRO Division No. 1, All of them were
free of gross visual anomalies and had 20/20 vision, corrected if necessary.
Seven of the observers had participated as test control staff during previous
detection and recognition tests conducted at White Sands Missile Range. Although
they had not served as observers during the earlier tests, they had accumu-
lated a considerable amount of "airplane-watching" experience prior to the
Tonopah tests.

4



Chapter 2

AIRCRAFT DETECTION TESTS

Tests were conducted to compare the average initial detection ranges for
the following combinations of variables: (a) eye vs. ear, (b) eye vs. 6x30 binoc-
ulars, (c) 6x30 vs. 7x50 binoculars, (d) one minute vs. five minutes early warn-
ing, and (e) degree of terrain masking. All tests involved observations from
the four offset observation posts.

PROCEDURE

Because of the limited number of aircraft sorties per day, only one test
could be made on any one day. This necessitated the use of three different
types of aircraft for the several comparisons of visual aids. In addition, the
B-52 flights used in comparing visual and auditory detection were subject to
the near terrain masking characteristic of the north-to-south flights. This
was not the situation for the other tests, which used fighter aircraft flying
from distant terrain masking.

Two observers were located at each of the four OPs and were rotated
among the posts each day to offset any biases in the test data due to individual
differences. The observers functioned independently of each other at each OP.
One-minute early warning was given for all aircraft sorties except in the early
warning tests. The latter used either one or five minutes of early warning.

On the test days used in this experiment, temperatures varied between 600
and 75'. Measurements of sound pressure level taken when there was little or
no wind were too low to read (below 34 db.). A breeze of seven to eight mph
increased the ambient noise level to about 45 db.

RESULTS

Visual vs. Auditory (Eye vs. Ear)

The mean and standard deviation of the distances of visual and auditory
detections at each observation post are shown in Table 2. These observations
were made of B-52 aircraft flying from near terrain masking.

Differences among this set of observations were examined by analysis of
variance techniques with the following results:

(1) When averaged over all OPs, the visual detections were signif-
icantly earlier than auditory detections (p< .05).

(2) There was a significant (p <.05) interaction between the detection
modality used and the observers' location. Obs.Žrvers located at the more
lateral OPs tended to hear the aircraft either at the same time or before they
saw it. In contrast, the observers at the OPs nearer the flight path ttnded to
see the aircraft before they heard it.

The relationship between target range and the probability of detection for
the visual and auditory observations of flights from the near terrain mask

A "oI w



Table 2

Mean Visual and Auditory Detection Rangese
(Meters)

I .Offset I
Detect•o Mode All OPs

Visual
Mean 6,050 5,200 .,,400 4,850 4,850
Standard Deviation 2,050 1,240 750 940 1,600

Auditory
Mean 4,300 4,000 4,400 4,550 4,300
Standard Deviation 2,180 1,920 1,750 1,700 1,870

M'le aircraft were flown from the near terrain mask.

is shown in Figure 5. The relationships between range and detections for
each OP are shown for the visual and auditory observations in Figures 6
and 7 respectively.

Unaided Eye vs. 6x30 Binoculars

Observations were made of F-4C aircraft on the course subject to disiant
terrain masking. The mean detections at all OPs were 11,900 meters for the
eye and 12,200 meters with the 6x30 glasses. The standard deviations were
3,360 and 2,800, respectively. The difference between these averages was not
statistically significant.

Auditory vs. Visual Detections for All Offsets (B.52, Near Masking)

1.00 - - - - - -.

J.
I./

2" Visual Detection 0, ....... 0

03, Auditory Detection

.2
10 9 S 7 6 5 4 3 2 1 0

Range (Kilometers)

Note, Whies no point is platted, observations had not yielded additional detections.

Figure 5
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